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(54) Image forming method, image forming apparatus and recording medium therefor 



(57) An inrtage forming method is disclosed which is 
structured in such a way that a toner image carried to a 
transferring position by a toner image holding merrier 
for holding and carrying the toner image from a toner 
image forming position to the toner image transferring 
position is transferred to a predetermined recording 
medium, 

the image forming method conrrprising: 

a transferring and fixing step of bringing the carried 
toner image into dose contact vwth the recording 
medium and transferring and fixing the toner image 
while heating the toner image, wherein 
a recording medium is employed as the recording 
medium which has a thermoplastic transparent 
resin layer on at least a surface of a base thereof on 
which the toner image is transferred and softening 
point (Tmp) of the transparent resin is in the range 
from - 1'C to - 30*C from softenir^ point (Tmt) of 
the toner. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an Image forming method, an image forming apparatus arrd a recording medium 

for use In the method and the apparatus, which enable a printer, a copying machine or the like enrploying a sinujltane- 
ous transfenring arxj fixing method, with which a toner inrtage formed by an indirect electrophotographic method is trans- 
ferred to the surface of a recording medium and the toner image is fixed to the recording medium when the toner image 
is transferred, to have an exc^lent glossiness and image quality. 

10 In recent years, a digital indirect dectrophotographic method of forming a color image has been widely used. In 
general, the digital indirect and dry electrophotographic method is structured in such a manner that yellow, magenta, 
cyan and black toners each of which has t>een prepared by mixing a coloring matter, such as pigment and/or dye, with 
thermoplastic resin Is electrostatically held on the surface of a photosensitive member, which is an image carrier which 
has been digitally addressed with exposing light formed by converting image information into light information so that a 

15 toner image is formed; the toner image Is electrostatically transferred to a recording medium: and the toner image is 
melted and fixed with heat and pressure so that an image is formed. 

In general, the toner for use in the indirect and dry electrophotographic method has particle sizes of 5 ^m to 12 ^m, 
and each color toner is transferred to the recording medium by a weight of 0.3 mg/cm^ to 1 .2 mg/cm^. The thernnoplas- 
tic toner Is transferred to one- to four-layered recording medium. When the toner Is melted with heat it is softened and 

20 brought into a molten stata However, the overall body of the toner does not fully penetrate into the paper, which is a 
usual recording medium even after the toner has been heated and pressed. The toner swells by about 5 jim to about 
20 fim over the recording medium. 

The relationship between the area ratio of the thus-formed image, that is. input to the recording medium and gloss 
of the image is shown in Rg. 1 . Rg. 1 shows results of measurement of 75**-specuIar gloss of images formed by a 

25 method conforming to J IS P8142 in such a nr^nner that magenta images are formed on cast coat paper (enamel 
coat/Yonago Kako Seishi Kabushiki Kaisha) which is high glossy paper, J-coat paper (Fuji Xerox) which is medium 
glossy paper and J-paper (Fuji Xerox) which is low glossy and non-coated plain paper are used as the recording medi- 
ums by using a multi-line screen such that the input Image area ratio is varied. Rg. 2 shows an image profile of a portion 
of an image which has been formed on the cast coat paper as described above, which is obtained by a 3D surface 

30 roughness meter and in which the Image area ratio is 40%. As can be understood from Rgs. 1 and 2. sofid image por- 
tions have a relatively high glossiness. However, incident light is scattered considerably in halftone regions and high- 
lighted regions because the multilines and dots are in the form of convex over tiie recording medium Therefore, if an 
image, such as a image of a human being or the like, having relatively steep gradient is formed, an image having high 
gloss regions and low gloss regions mixed with one another is formed, thus resulting in a sense of incompatibility being 

35 allowed to arise. A fact is known that a rough surface image of the foregoing type suffers from unsatisfactory color repro- 
ducibility owning to an influence of irregular reflection on the surface of the image and thus an image having insufficient 
visibility is formed. Another fact Is known that an image having a rough surface and formed on a tran^arent recording 
medium is, in a case of an projection operation using an OHP, encounters deterioration in the color developing charac- 
teristic. 

40 To improve the quality of a color image of the foregoing type, a method has been suggested in the Unexamined 
Japanese Patent Application Publication No. Sho 63-92965, in which a transparent re^n layer is formed on a recording 
medium: toner is transferred to the recording medium; and then a roll type heat fixing unit is operated so that the toner 
is embedded In the transparent resin layer. According to this method, the roughness of the image can somewhat be pre- 
vented. An influence of application of silicon oil as a releasing agent to the fixing heat roll as has been performed with 

45 the conventional method results In formation of a silicon oil film having a low surface tension between the toner and the 
transparent resin. As a result, the toner cannot sufficientiy be embedded in the transparent resin layer and the toner 
image portion projects upwards over the surface of the recording medium. 

In. for example, the Unexamined Japanese Patent Application Publication No. Hei 5-216322. a method having a 
similar object has been suggested in which toner Is electrostatically transfened to a recording medium having, on the 

so surface thereof, a transparent resin layer composed of thermoplastic resin having a thickness of 20 ^m to 200 ^m: and 
then a belt-type fixing unit Is operated so that the toner is embedded in the transparent resin layer Since the belt-type 
fixing unit is able to separate toner from the belt after the toner has been fixed to the recording medium, the autoagglu- 
tination force of the toner can be used as the force for preventing adhesion to tine belt. As a result, any releasing agent 
Is not required and sufficientiy long heating time can be permitted. Therefore, surface roughness can be moderated. 

55 However, the disclosed types of the toner resin and the thermoplastic resin in the surface layer cannot attain satisfactory 
compatibility between the molten toner resin and the thermoplastic resin in the surface layer of the recording medium. 
As a result a fact was found that difference in the ref ractivity arose at the interface in the coated surface layer, thus 
causing the color reproduc33ility to deteriorate and somewhat irregular surface to remain. 
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Each of the disclosed image forming methods, having the step of electrostatically transferring a toner image to a 
recording medium and using the therm o plastic resin formed on the surface of the recording medium and having a low 
dielectric constant suffers from probl^ns of color irregularity and narrowing of the color producible region because the 
transfer rate of a color, which is finally transferred, is reduced when, for example, color toners are transferred in a mul- 
5 tiple manner. 

To solve the problem which arises when an image is transferred because of deterioration in the dielectric constant, 
in the Unexamined Japanese Patent Application Publication No. Hei. 5-273781, a recording method has been sug- 
gested which has a structure that inorganic oxide particles are dispersed and contained in thermoplastic transparent 
resin so that the dielectric constant is raised. However, paper enployed as the t>ase of a recording medium has a non- 
10 uniform structure in general from a microscopic viewpoint. Therefore, disorder of the electric field occurring attritxjtal5le 
to electrical irregularity of the recording medium when the transference is performed cannot easily t>e prevented. Thus, 
there arises a prot>lem in that color irregularity is generated and the grairdness deteriorates. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present invention is to provide an image forming method, an image forming 
apparatus adaptable to the method and a recording medium for use in the method and the apparatus each of which is 
capable of realizing glossiness of an image, which is the same as that of the recording medium, and excellent color 
reproducibility, preventing color irregularity, having excellent graininess, free from irregular glossiness occurring in a 

20 small region having a diameter of 1 mm to 3 mm and exhibiting excellent uniformity of glossiness of the formed image. 
Inventors of the present invention tias paid attention to the correlative relationship between the physical properties 
of a transparent resin layer on the surface of a recording medium and toner resin for use in toner, and thus found a fact 
that employment of a method of smoothly transferring toner to the recording medium and adjustment of the softening 
points of the transparent resin material for use in the recording medium and the toner was able to achieve the above- 

25 mentioned objects of the present invention. 

That is. an image forming method according to the present invention and arranged in such a way that a toner inr^ge 
carried to a transferring position by a toner image holding member for holding and carrying the toner image from a toner 
image forming position to the toner image transferring position is transferred to a predetermined recording medium, the 
image forming method comprises: a transfemng and fixing step of bringing the canried toner image into close contact 

30 with the recording medium and transferring and fixing the toner image while heating the toner image, wherein a record- 
ing medium is employed as the recording medium which has a thermoplastic transparent resin layer on at least a sur- 
face of a base thereof on which the toner image is transferred and softening point (Tmp) of the transparent resin is in 
the range from - 1 °C to - 30**C from softening point (Tmt) of the toner. 

When the softening point (Tnp) of the transparent resin of the thermoplastic transparent rean and the softening 

35 point (Tmt) of the toner of the toner satisfy the alx5ve-mentioned range, the conpatibility of the two elements at prede- 
termined temperatures can be imjxoved. Thus, a toner image can snroothly be embedded in the transparent resin layer 
on the surface of the recording medium. As a result, a flat image free from irregular surfaces formed attrikjutable to 
adhesion of the toner can be formed. 

It is preferable that the atx>ve-nnentioned image forming method further conprises the step of preheating the toner 

40 image held by the toner image holding member in such a manner that the temperature of the surface of the toner image 
is higher than a softening point (Tmt) o1 the toner before the toner image is carried to the toner image transfen^ing posi- 
tion. 

It is preferat)Ie that the at>ove-mentioned image forming method further comprises the step of separating the 
recording medium from the toner image holding member at a position downstream of the toner image transferring posi- 
45 tion after the surface temperature of the transparent resin layer of the recording medium has been made to be lower 
than the softening point (Tmp) of the transparent resin by 1 0*C or more. 

H is further preferable that the image forming method uses the recording medium having an angle of confact of 40' 
or smaller between a resin material forming the trar^arent resin layer and the toner which is in a molten state. 

It is further preferable that the image forming method has a structure that weight average molecular weight (Mw) of 
so a resin material forming the transparent resin layer is in the range from 5.000 to 60.000, nunrtber average molecular 
weight (Mn) of the same is in the range from 2,000 to 5,000 and Mw/Mn is in the range from 2 to 15. 

It is further preferatde that a resin material forming the transparent resin fayer is employed which contains polyester 
resin type component units. 

An image forming apparatus according to the present invention comprises: means for forming a toner image; a 
£5 toner inrage holding memt)er for holding and carrying the formed toner image from a predetermined toner image form- 
ing position to a predetermined toner image transferring position; and transferring and fixing means for transferring the 
toner image carried to the toner image transferring position to a predetermined recording medium, wherein at least 
either the toner image holding member or the transferring and fixing means is, at the toner image transferring position. 
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provided with heating arKi pressing means for. by using heat energy, transferring and fixing the toner image to a trans- 
parent resin layer of the recording medium having a thermoplastic transparent resin layer on at least a surface of a base 
on which the toner image is transferred, the transparent resin layer containing transparent resin having a softening point 
(Tmp) in the range from - 1**C to - 30**C from softening point (Tnrrt) of the tcner. 

An image forming af^ratus according to another aspect of the present Invention comprises: mear^s for forming a 
tcwier image; a toner image holding member for holding and carrying the formed toner Image fran a predetermined 
toner image forming position to a predetermined toner Image transferring position; and transferring and fixing means 
for transferring the toner image carried to the toner image transferring position to a predetermined recording medium, 
wherein at least either the toner image holding member or the transfening and fixing means is, at the toner image trans- 
ferring position, provided with heating and pressing means for transferring and fixing the toner image, and heating 
means for heating the surface temperature of the toner image held on the toner image holding member to be higher 
than the softening point (Tmt) of the toner before the toner image reaches the toner image transferring portion. 

It is preferable that each of the image forming apparatuses has a structure that cooling means for cooling the sur- 
face temperature of transparerrt resin of the recording medium to be lower than the softening point (Tmp) of the trans- 
parent resin by 10**C or more is provided downstream of the toner image transfening position and upstream of a 
position at which the recording medium is separated from the toner image holding member. 

A recording medium for use in the above-mentioned image forming method comprises a therrrxjplastic transparent 
resin layer on at least a surface of a base on which an image is recorded, wherein the softening point (Tmp) of a resin 
material forming the transparent resin layer is in the range from - 1 "C to - 30*'C from the softening point (Tmt) of toner 
for use to form a toner image which is recorded. 

The preferred resin material for the transparent resin layer has a similar structure to that for use in the above-men- 
tioned image forming method. It is preferable that the recording medium has the base made of a non-transparent mate- 
rial, a white pigment layer is provided on the surface of the t>ase and the transparent resin layer is provided on the 
surface of the white pigment layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing results of measurement of 75-degree specular glossiness of images formed on various 
bases after the input image area ratio has been varied. 

Rg. 2 shows an image profie of a 40% image area ratio portion of a toner image formed on cast coat paper 
obtained by a 3D surface roughness meter. 

Rg. 3 is a schematic view showing the operation of a toner image at a transferring and fixing position realized virfien 
the image forming method according to the present invention is employed. 

Rg. 4 is a schematic view showing the operation at the transferring and fixing position when a toner image is pref- 
erably preheated with the image forming method according to the present invention. 

Rg. 5 Is a graph showing the relationship among softening point (Tmp) of transparent resin, the difference in the 
temperature of the recording medium at a separating position and offset grade of the surface of the separated recording 
medium. 

Rg. 6 is a schematic view showing a state where an irrtermediate transfen-ing memt>er, a toner Inr^ge and a record- 
ing medium, which are moved while being in close contact with one another, are cooled by a cooling fan disposed down- 
stream of the transferring and fixing position. 

Rg. 7 is a graph showing temperature/viscosity characteristics of the toner according to the present invention. 

Rg. 8 is a diagram showing the structure of an Image forming apparatus for use in [Image Formation 1] In the 
embodiment. 

Rg. 9 Is a graph showing the relationship between the image area ratios arKi glosses according to examples of the 
present invention and comparative examples. 

Rg. 10 is a diagram showing the structure of an Image forming apparatus for use In [Image Fornr^tion 2] in the 
entbodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The image forming method accordng to the present invention and an image forming apparatus suitable for the 
method will now be descritjed in accordance with the flow of the electrophotographic method. 

A digital electrophotographic method has been wklely enployed in printers ard copying machines as a method 
capable of quickly providing a high quality Image. In this method, a light beam adjusted by an image forming optical sys- 
tem to form a spot having a predetermined diameter Is used so that a photosensitive medium is scanned with the light 
beam. The period of time for which tiie light beam is applied is controlled In response to an image density Is determined 
by a pulse width modulation means so that a latent In^ge having an area modulated to correspond to the image density 
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signal is formed on the photosensitive medium. The latent image is visualized by toner so that an image is formed. 

The image formir^ process for forming a toner image is ml limited to the above-mentioned electrophotographic 
method. For example, a process may be enployed in which toner is allowed to directly fly to the surface of ps-edeter- 
mined toner image holding member in accordance with digital-processed image data so that a toner image is formed 

5 on the toner image holding merrtoer The image forming process may be structured such that a magnetic latent image 
is formed on a predetermined toner image holding mennber in accordance with digital-process^ image data and a 
toner image is formed on the toner irnage holding member in accordance with the nragnetic latent image. The image 
forming proc^ may be structured such that a charge image is formed directly on a predetermined toner image holding 
memt>er in accordance with digital-processed image data so that an electrostatic latent image is formed; arxJ then a 

10 toner image is formed on the toner image holding member in accordance with the electrostatic latent image. 

When a color image is formed, exposing corxjitions and developing conditions are determined in such a manner 
that the quantity of toner in each color is made to be 0.4 mg/cm^ to 0.7 mg/cm^ in general though the quantity varies 
depending upon the content of the corresponding pigmem. 

The toner image formed on the toner image holding member may be carried together with the moval>le toner image 

75 holding member or way be primarily transferred to an intermediate transferring medium, and then carried to a position 
at which it is transferred to the recording medium so that transf«-ence and fixing are performed simultaneously In th 
latter case, the intermediate transferring member is the toner image holding member according to the present invention. 

A method adapted to the electrophotographic method will now be described which has the steps of electrostatically 
transf^ring a toner image to the toner image holding mennber (hereinafter called the "image holding member" or the 

20 "intermediate transferring member" correspond to the structure); and simultaneously transferring and fixing the toner 
image to a recording medium. 

The intermediate transferring mennber is. like paper which is a usual recording medium, not easily affected by the 
environment (tennperature and humidity) and physically stable because of a stable surface characteristic and resistance 
value. Therefore, the intermediate transferring member can be used in an electrostatic transferring operation in a dose 

25 contact manner. If proper physical property values are provided, the above-mentioned disorder and irregularity of the 
toner image occurring attributable to disorder of the transferring electric field can substantially be prevented. Important 
factors, required lor the intermediate transferring member when the electrostatic transferring operation is performed, 
are surface resistivity Rs (n/square) and volume resistivity Rv (n • cm). It is preferable that Rs satisfies 10® < Rs < 10**^. 
It is preferable that Rv satisfies 10^ < Rv < 10^^. If Rs and Rv are smaller than the above-mentioned ranges, electric 

30 charges are dispersed excessively. If they are larger than the above-mentioned ranges, electric charges are gathered 
excessively 

The toner image electrostatically transferred to the surface of the intermediate transferring member is composed of 
halftone dots and multiline structures which are pixels in the form of aggregation of the toner. In accordance with the 
area ratio, a required density of the image is obtained. The toner image is transferred and fixed to a recording medium 

35 at the transferring and fixing position. Therefore, the toner images are not directly and electrostatically transferred to a 
recording medium in the multiplex manner. As a result, the above-mentioned disorder of an image can be prevented 
and a dear image free from irregular transference can be formed on the image holding member. 

In the transferring and fixing portion, the intermediate transfen^ing member, which is the image holding member, the 
toner image and the recording medium are integrally pressed and heated so that powder toner is brought to a molten 

40 state and toner particles are fused. As a result one flat film is formed. In order to efficiently transmit heat to the toner 
image and to cause the molten ton©- to sink into the recording medium so as to form a flat image, the intermediate 
transferring member and the recording nnedium must be brought into closely contact with each other. If close contact 
cannot be realized and thus air is undesirably partially introduced, the thermal capadty is changed between portions 
containing air and portions containing no air As a result, the toner image cannot uniformly be fused and irregular trans- 

45 ference and fixation result in fine irregular gloss portions having diameters of several millimeters beir^ generated. 

To cause the molten toner to sink into the recording medium and to smooth the surface as described above, and to 
prevent fine irregular gloss, the image forming method according to the present invention must be provided with a ther- 
moplastic transparent resin layer on the surface of the employed recording medium. As a result of investment performed 
by the inventor of the present invention, the thermoplastic resin which is provided for the surface of the recording 

so medium and which has softening pdnt (T mp) similar to or lower than the softenir^ point (Tmt) of the toner has a greater 
effect of allowing toner to sink even if the toner is heated to the same temperature as that of the thermoplastic resin on 
the surface of the recording medium. Since the adhesive strength of the recording medium to the innage holding mem- 
ber is enlarged in this case, a satisfactory effect can be obtained because fine in-egular gloss can be prevented. That 
is. it is preferat)le that the thermoplastic resin, which is formed on the surface of the recording medium, has the soften- 

55 ing point (Tnrp) satisfying a relationship with the softening point (Tmt) of the toner such that a range from - 1 to - 30'C 
[Tmt - 30(*'C) ^ Tmp CO ^ Tmt + 1 0 (*C)] is satisfied. More preferably, the thermoplastic resin, which is provided on the 
surface of the recording medium, has the softening point (Tmp) satisfying a relationship with the softening point (T mt) 
of the toner such that - 1**C to - 20*C [Tmt - ao^C) i Tmp {*C) ^ Tmt (*C)] is satisfied. B the softening point (Tmp) of 
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the thermoplastic resin which is provided on the surface of the recording medium is higher than the softening point 
(Tmt) of the toner, molten toner cannot satisfactorily be altowed to sink in the transparent resin layer on the surface of 
the recording medium. If the thernxplastic resin having the softening point (Tnnp) lower than the softening point (Tmt) 
of the toner by 30"C or more is used, the molten toner excessively disperse in the surface layer of the recording 
5 medium. As a result, the sharpness and graininess of the image deteriorate. Moreover, the melt viscosity of the resin in 
the surface layer of the recording medium is lowered excessively, thus resulting in detective s^ration from the toner 
image holding manber. 

The softening point {Tmt) of the toner and the softening point (T mp) of the resin material lor forming the transparent 
resin layer formed on the surface of the recording medium are defined as follows. 

10 Row Tester CFT500C manufactured by Shimadzu Seisakusho Kabushiki Kaisha is used to measure a state of sof- 
tening after the temperature has been raised at a constant rate under conditions that the initial terrperature is 80**C to 
1 70**C. the rate at which the temperature is raised is 3''C/minute, time for which preheating is performed is 300 secorKls. 
the pressure in the cylinder is 10 kgf/cm^ and a die having size L x D = 1.0 mm x 1.0 mm is used. Since resin in the 
toner cannot solely be sarrpled. the toner is weighed to obtain toner samples. Samples of the transparent resin which 

15 is provided for the surface of the recording medium are in the form of fine powder obtained by precisely weighing the 
transparent resin in a quantity of 1 g to 3 g. The ctoss sectional area of the plunger is 10 cm^. The measurement is per- 
formed by a method with which the sample is gradually heated as the temperature is raised at the constant rate, and 
thus the sample starts flowing. When the temperature is further raised, the sanple in the molten state considerably 
flows, and the downward movement of the plunge- is interrupted. Thus, one measurement operation is ended. The 

so amount of flow at each temperature of SO^'C to 150*0 is measured by 3'C so that apparent viscosity r\* (Pa • s) is 
obtained. At this time, the temperatures at each of which the apparent viscosity ri' (Pa • s) is made to be 1 x 10 Pa • s 
are defined to be the softening point (Tmt) of the toner and the softening point (Tnnp) of the transparent resin which is 
provided for the surface of the recording mediunx 

To irrprove the adhesiveness between the toner intermediate transferring member and the recording medium 

25 which face each other while interposing the toner image at the position at which the toner image is transferred, it is pref- 
erable that an elastic layer is formed on the surface of the intermediate transfenring member, ft is preferable that the 
hardness of the elastic layer is 10 degrees to 80 degrees in terms of the rubber hardness and the thickness of the same 
is 10 )im to 300 ^m. If the rubber hardness of the elastic layer on the surface of the intermediate transfen-ing member 
is lower than 10 degrees, the intermediate transferring member is worn quickly. Thus, a required gloss cannot l>e 

30 Obtained with the formed image. If the hardness is greater than 80 degrees, the toner cannot easily be enclosed. Thus, 
fine irregularity of gloss easily takes place. If the thickness of the elastic layer is smaller than 10 ^m. the toner cannot 
easily be enclosed. Therefore, fine inregular gloss easily takes place. H the thid^ess is larger than 300 nm. great elec- 
tric power is required to perform effective heating in the transferring and fixing portion. Thus, a satisfactory resuft cannot 
be obtained in efther case. 

35 In general, the transfen-ing and fixing portion comprises a heating roll including a heat source, such as a halogen 
lamp, and a pressing roll for pressing the intermediate transferring menrt)er, the toner irr^ge and the recording medium 
with the heating roll. It is preferable that the pressure at the nipping position is 1 x 1 0^ Pa to 1 x 1 0® Pa. If the pressure 
is lower than the al^e-mentioned range, the intermediate transfen-ing member, the toner image and the recording 
medium cannot sufficiently be pressed. Thus, the molten toner cannot satisfactorily penetrate the recording medium. 

40 and fine irregular gloss easily takes place. If the pressure is higher than the range, the stress on the intermediate trans- 
fen-ing member and the recording medium is intensified excessively. Thus, creases are generated or the mechanism 
and apparatus for bearing the high pressure become complicated excessively. As an alternative to the heating roll, a 
fixed heating mender may be employed which has an electric heater provided on a heat-resisting support member 
thereof and a heat and wear resisting layer covering the surface thereof. 

45 Rg. 3 is a schematic view showing the operation of the toner image at the transfen-ing and fixing position which is 

performed with the image forming method according to the present invention. A toner image 12 formed on the surface 
of a toner image hokJing member (an intermediate transferring member) 10 and arranged to be carried is brought into 
close contact with a recording medium 14 at the transferring and fixing position. The recording medium 14 has a struc- 
ture in which a transparent resin layer 18 is formed on a base 16 thereof. The toner image 12 is. by a pressing roll 20 

50 and a heating roll 22. heated and brought into close contact with the transparent resin layer 18 on the surface of the 
recording medium 14 and transferred to the same. Since the softening point (Tmp) of the transparent resin layer 18 on 
the surface of the recording medium 14 is in the range from - 1*C to - 30**C from the softening point (Tmt) of the toner, 
the toner image 12 is fused in the region in wrtiich the recording medium 14. the toner image 12 and the image holding 
member 1 0 are in close contact wfth one another and thus allowed to sink into the transparent resin layer 1 8 formed on 

55 the surface of the recording medium 14. As a result the transferred image has excellent color and exhiibits smooth sur- 
face and satisfactory glossiness. Some heating and pressing conditions cause the viscosity of the resin material for 
forming the transparent resin layer 18 on the surface of the recording medium 14 t>efore the melt viscosrty of the toner 
image 1 2 is lowered. As a resuft. the toner is allowed to sink in the transparent resin layer 1 8 in a state where the toner 
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has the elasticity. Thus, the toner slightly projects atter the pressure has been released or the toner cannot suff icientiy 
be melted in the transparent resin lay©- 18. In this case, color development and glossiness become unsatisfactory. 
TTierefore. it is preferable that the transferring and fixing conditions are controlled in such a manner that the time for 
which the recording medium 14, the toner image 12 and the image holding member 10 are in dose contact with each 

5 other is elongated sufficiently or the heating temperature is raised. 

Moreover, the inventors or the present invention found a fact that a structure for heating the surface which was in 
contact with the toner image 12 on the image holding member 10 at a position upstream of the transfemng and fixing 
position which is the image holding member to preheat the toner image 12 enables an excellent transfen^ed image to 
be formed without a necessity of perfonning a complicated adjustment of the trar^ening and fixing conditions and that 

TO the preferred preheating temperature is higher than the softening point (Tmt) of the toner. 

Rg. 4 is a schematic view showing the operation which is performed at the transferring and fixing position in the 
prefmed case where the toner image has been preheated with the image forming method according to the present 
invention. The toner image on the surface of the toner image holding member (the intermediate transfening member) 
10 is previously heated at a position upstream of the transferring and fixing position to a level near the softening point 

75 (Tmt) of the toner so that the toner image is formed into a toner image 12A in a molten state. That is, the toner previ- 
ously brought to a low viscosity slate is introduced into a nip region in which the recording medium 1 4. the toner image 
12A and the image holding member 10 have been brought into close contact with one another. 

The toner image 12A is. by the pressing roll 20 and the heating rdl 22. heated, brought into close contact wrth the 
transparent resin layer 18 on the surface of the recording medium 14 and transferred to the same. At this time, the sof- 

20 tening point (Tmp) of the transparent resin layer 1 8 on the surface of the recording medium 1 4 satisfies the range from 
+ 10«C to - 30''C from the softening point (Tmt) of the toner. Moreover, the transparent resin layer on the surface of th 
recording medium 14 can be melted and the toner inriage 12 in the molten state can be allowed to sink in the surface 
layer. In addition, the storage elastic modulus has been lowered. Therefore, undesirable projection of the image portion 
over the surface resin layer of the recording medium after the pressure has been released can be prevented. Moreover, 

25 the fact that the toner cannot sufficiently be melted in the resin layer on the surface of the recording medium can be 
prevented. As a result, an image having an excellent glossiness and color developing characteristic can be formed. 

As the means for previously heating the intemiediate transferring member, which is the image holding member, and 
the toner image, a structure may be employed in which the intermediate transferring member and the toner image are. 
as shown in Fig. 4. carried in such a manner that they are brought into close contact with the heating means, such as 

30 the heating roll, secured at the transfeaing and fixing position to transfer the toner image at a position upstream of the 
transferring position for predetermined time. Any special heating means is not required. By using the heating means for 
transferring and fixing the toner image, the preheating process can be peiormed. A heating (preheating) means, such 
as a heating lamp or a heating roll, including a heat source may be disposed upstream of the transferring and fixing 
position individually from the heating member secured at the transferring and fixing position and arranged to transfer 

35 the toner image. The heating means is not limited to the above-mentioned description. Any known means may be 
employed if it is able to heat the toner irrage to a required temperature level. 

The recording medium, to which the toner has been transfen-ed. and the intermediate transferring member, which 
is the image holding memlDer. are can-ied in a dose contact state, and then separated from each other at the separating 
position. It is preferable that the recording medium is separated from the image holding member when the surface tem- 

40 perature of the recording medium which is in contact with the image holding member is lower than the softening point 
. (Tmp) of the transparent resin layer formed on the surface of the recording medium by 10**C or more. 

Fig. 5 is a graph showing the relationship between the difference between the temperature of the recording medium 
at the softening point (Tmp) of the tran^rent resin and the temperature of the same at the separating position and the 
offset grade of the surface of the recording medium separated at the separating position. The offset grade was evalu- 

45 ated in accordance with the fdlowing criteria. 

Offset Grade XX: excessive separation of the transparent resin layer 

X: rough surface of the recording medium 
a: slight roughness of the surface of the recording medium 
so O: no problem arises 

As can be understood from Fig. 5. the separated recording medium on which an image has been formed has a sat- 
isfactory surface state H the temperature of the surface of the separated recording medium is different from the soften- 
ing point (Tmp) of the transparent resin fomned on the surface of the recording medium by 10'C or smaller. TTie reason 
55 for this can be considered that rt the recording medium is separated in a state where the transparent resin layer formed 
on the surface of the recording medium has not sufficiently large cohesive force, that is. in a state where it is softened, 
an offset phenomenon is generated in which the transparent resin on the surface of the recording medium is shifted to 
the image holding member or the surface of the recording medium is roughened when the separation is performed and 
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thus glossiness of the formed image d^eriorates. 

The temperature of the surface of the recordir^ medium can be measured by previously disposing a thermocouple 
on the surface of the recording medium atvi by monitoring the temperature until the recording medium Is separated from 
the image holding mennber after the image holding memb©- and the toner have been subjected to the transferring and 
5 fixing process. 

The cooling means for lowering the surface tentperature of the recording medium is not always required. For exam- 
ple, a method of elongating the distance from the transferring and fixing position to the separating position or a method 
of lowering the atmospheric tenperature is able to realize a preferred state of separation. If the cooling means \s dis- 
posed downstream of the transferring and fixing position and upstream of the separating position, an image having a 

10 preferred surface condition can efficiently be formed. 

Rg. 6 is a schematic view showing a state where a coolir^ Ian 24 is disposed downstream of the transferring and 
fixing position to which the image holding member 10, the toner image 12 and recording medium 14 are carried in a 
state where they are dose contact with one another so as to cool the surface. 

As the coolir^ means, a method in which the cooling fan 24 is disposed or a method in which a member having a 

15 low temperature similar to the room temperature is, as the coolir^ means, brought into contact with the intermediate 
transferring member or the re<x>rding medium to shift heat from hot portion to a cold portion may be employed. Thus, 
the above-mentioned efficient cooling effect can be obtained. In the latter case, the cooling means arranged to be 
brought into contact with the recording medium is formed into a belt shape to be capable of circulating. Moreover, a por- 
tion of the upper surface of the belt is brought into contact with the intermediate transferring member or the recording 

20 medium at the outlet portion of the heating and pressing nip. Then, the belt is cooled at a position different from the cool- 
ing position so as to be used again. Thus, the cooling effect can continuously be obtained. As described above, the 
cooling medium, such as the belt which is the cooling means, is subjected heat exchange with another cold member at 
a position different from the position at which the intermediate transferring member or the recording medium is cooled 
downstream of the outlet portion of the heating and pressing nip. Thus, efficient cooling can be performed without influ- 

25 ence on the temperature in the image forming apparatus. The heat exchange with the cold member may t>e performed 
for example, by bringing the belt with the cold intermediate transferring member before it reaches the heating and press- 
ing region. 

As the cooling means which is disposed at the outlet portion of the heating and pressing nip. heat may be trans- 
ferred by using a heat exchanging unit, for example, a heat pipe. 

30 Although the means for cooling the outlet portion of the heating and pressing nip may be provided for either of the 
heating merrier portion or the pressing member portion or both of the same, undesirable rise in the tennperature of the 
cooling means can be prevented if it is provided adjacent to the pressuring member portion having a relatively low tem- 
perature. Moreover, the quantity of heat to be derived from the heating member can be reduced. Thus, transferring and 
fixing can thermally efficiently be performed. 

35 Binding resin for the toner for use in the present invention may be any known resin. For example, it is preferable to 
employ styrene, such as styrene. vinyl toluene, a-methyltoluene. chlorostyrene or an^nostyrene, nrrano- or copolymer 
of its derivative or substitution product; mor>o- or copolymer of methaaylate. such as methacryiic add. methylmethacr- 
ylate or ethylmethacrylale; mono- or copolymer of acrylic ester, such as acrylic add, methyl acrylate. butyl acrylate or 
2-ethylhexylacrylate; diene such as butadiene or isoprene; nrono- or copolymer of vinyl monomer vinth another mono- 

40 mer, the vinyl monomer being acrylonitrile, vinyl ether, maleic anhydride, vinyl chloride or vinyl acetate; or polyamide; 
polyester or polyurethane or their mixture. It is preferable that a material including units of polyester materials be 
employed. 

The polyester can be prepared by allowing polyhydric alcohol and polybasic carboxylic acid to react with each 
other. The polyhydric alcohol for forming the polyester is, for example, diol. such as ethylene glycol, diethylene glycol, 
45 triethylene glycol. 1. 2-propylene glycol, 1. 3-propylene glycol. 1. 4-butane diol, neopentyl glycol. 1. 4-butane diol, 
cydohexanedimethanol; t>isphenol A having alkylene oxide added thereto, sudn as hydrogenated bisphenol-A. polyox- 
ypropylene bisphenol-A; and other bivalent alcohol. 

The polybasic cartDoxyiic add may be maleic acid, fumaric add. methaconic acid, citraconic add. itaconic add. 
terephthalic add. isophthalic acid. cydohexanedicartx>nic add, succinic add, their acid anhydride, alkylester or the 
so other dibasic cartjoxylic acid. However, the f>olybasic carboxylic acki is not limited to these materials. 

A cdoring matter which is mixed with the binding resin for the toner rray be known pigment or dye. To control elec- 
trostatic charge, a known additive for toner may be employed. 

The recording medium for use in the image forming method according to the present invention has the structure in 
which a thernrtoplastic transparent resin layer having a specific softening point is formed on the base. The material of 
55 the bas is not limited and therefore a known nriaterial for the base of a recording medium may be employed. Spedfi- 
cally. acid or neutral woodfree paper, medium quality paper, groundwood paper, regenerated paper or synthetic paper 
may be employed. A filler for use in the base is not limited. For example, caldum cartx)nate, such as caJdum cartx>nate 
heavy, caldum cart>onate light or whiting; silidc add. such as kaolin, baked day. pyrophyflite. seridte or talc; inorganic 
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filler, such as titanium dioxkJe; or organic pigment such as urea resin or ^ene may be employed The sizing material 
is not limited. A rosin type sizing material, synthetic sizing material, petroleum resin type sizing material or neutral sizing 
material may be employed- A proper sizing material, such as aluminum sulfate or cationic starch, and a fixing agent for 
the resin are confined with each other. Moreover, paper rigidity enhancer, dye and pH regulator may be added. 
The base may be ixovided with a white pigment coated layer. 

White pigment for use In the white pigment coating layer may be mineral pigment, such as calcium cait)onate 
heavy, calcium carbonate Gght. titanium dioxide, aluminum hydroxide, satin white, talc, calcium sulfate, barium siifate, 
zinc oxide, magnesium oxkje. magnesium caitx)nate. arrorphous silica, colloidal silica, white cart>on, kaolin, baked 
kaolin, delaminate kaolin, aluntinosilicate, seridte, bentonite or smecsrte: polystyrene resin particles, urea formaOn 
resin partides. fine hollow particles or other organic pigment or their combination. However, the white pigment is not 
limited to the above-mentioned materials. The white pigment may be bound by resin, such as water soluble adhesive 
agent, emulsion or latex or their mixture. For example, water soluble resin, such as polyvinyl alcohol, denatured polyvi- 
nyl alcohol, starch, gelatin, casein, methylcellulose, hydroxyethylcellulose. acrylic add amide-aaylic ester copolymer or 
ternary copolymer of acrylic add amide-acrylic acid-methacrylic add; acrylic emulsion; vinyl acetate emulsion; vinyli- 
dene chloride emulsion; polyester emulsion; styrene-butadiene latex; or acrylnitrile-butadiene latex may be enrployed. 
However, it is not limited to the atxjve-mentioned materials. If the above-mentioned white pigment and casein or the like 
are used and the coating surface is finished by a castoting method, a further smooth surface can be obtained. The whit 
pigment coating layer may be added wrth dye or cotor pigment in a small quantity for adjusting the color tone and fluo- 
rescent dye for improving visual whiteness. Moreover, a variety of various auxiliaries, such as a dispersant. an anti- 
foaming agent, a plastidzing agent. pH regulator, lubricant, fluidity modifier, a solidification enhancer and waterproof 
agent and sizing agent may be added. 

As an alto-native to the above-mentioned paper type t>ase. a heat resisting film material, for example, a polyethyl- 
ene terephthalate film, a polysulfon film, a pdyphenyleneoxide film, a polyimide film, a polycart>onate film or cellulose 
ester film may be employed which has a heat resisting temperature of 1 00**C or higher. 

The recording medium according to the present invention has the structure that the thermoplastic transparent resin 
layer for transfening and fixing molten toner and causing the nrolten toner to penetrate into the surface layer of the 
recording medium is provided for at least the surface of the base or a sheet formed by providing the white pigment layer 
for the base on which the toner image is transfen-ed. The thennoplastic transparent resin for forming the resin layer may 
be mono- or copolymer of styrene. for example, styrene, vinyl toluene, a-methyltduene. cMorostyrene and aminosty- 
rene. its derivative or substitution product; mono- or copolymer of methacrylate, such as methacrylic acid, methylmeth- 
acrylate or ethylmethacryiate; mono- or copolymer of acrylic ester, such as acrylic acid, methylacrylate. butylacrylate or 
2-ethylhexylacrylate; diene. such as butadiene or isoprene; mono- or copolymer of vinyl nrronomer. such as acryionitrile. 
vinyl ether, maleic anhydride, vinyl chloride or vinyl acetate with another monomer; polyamide; polyester; polyurethane 
or their mixture, ft is preferable that resin containing polyester type units (hereinafter sometimes called "polyester resin") 
is employed. The polyester resin can be prepared by allowing polyhydric alcohol and polybasic cariDOxylic acid to react 
with each other. The polyhydric alcohol for forming the polyester is. for example, diol. such as ethylene glycol, diethyl- 
ene glycol, triethylene glycol. 1 . 2-propylene glycol. 1 . 3-propylene glycol. 1 . 4-butane diol and cyclohexanedimethanol; 
bisphend A having alkylene oxide added thereto, such as hydrogenated bisphend-A. polyoxypropylene bisphenol-A; 
and other bivalent alcohol. The polyhydric alcohol is not limited to the above-mentioned materials. It is preferable that 
the bisphenol A having alkylene oxide added thereto, such as pdyoxypropylene bisphenol-A is enployed. 

The pK>lybasic carboxylic acid may be maleic acid, tumeric add. methaconic add, citraconic acid, itaconic add. 
terephthalic add. isophthalic acid. cydohexanedicartK)nic acid, sucdnic acid, their acid anhydride, alkylester. and the 
other dibasic cariDOxylic acid. However, the polybasic cartxsxylic acid is not limited to these materials. 

To adjust the surface electric resistance of the above-mentioned transparent resin layer, the transparent resin layer 
may be added with one or more inorganic materials below: sodium chloride, potassium chloride, calcium chloride, 
sodium sulfate, zinc oxide, titanium dioxide, tin oxide, aluminum oxide and magnesium oxide. To control the friction coef- 
f ident of the recording medium, styrene type hard plastic particles may be added in a small quantity with which the qual- 
ity of the in^ge does not deteriorate. 

It is preferable that the thickness of the thermoplastic transparent resin layer which is formed on the base is 2 jim 
to 20 ^m. more preferably 4 fim to 1 5 fim. If the thickness is smaller than the above-mentioned range, the molten toner 
cannot suffidently be en^jedded. Thus, an image wfnch is not snwxjth and flat because of projections formed owning 
to the toner is formed. What is worse, satisfactory gloss cannot be realized. If the thickness is larger than the above- 
mentioned range, the sharpness of the image and color da/eloping characteristic will deteriorate owning to the refrac- 
tive index of the transparent resin layer. What is worse, larger energy is required to soften a thick resin layer. 

The softening point (Tmp) of the polyester resin is made to be - rC to - 30'*C frcMH the softening point (Tmt) of the 
toner, preferably - 1"C to - 20*'C. 

It IS preferable that the weight average molecular weight (Mw) in 5.000 to 60.000, the number average molecular 
weight (Mn) is 2.000 to 5.000 and hAwMn is 2 to 15. If the molecular weight and the distribution of the molecular weight 
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exceed the upper limit/the softening point of the theimoplastic transp>arent resin layer is raised ami thus the toner can- 
not easily be embedded. If the values are lower than the lower limit, the thermoplastic transparent resin layer is exces- 
sively softened. As a result the offset ph^omenon sometimes undesirably takes place. 

The molecular weight of the themnoplastic transparent resin was meaajred by gel permeation chromatography. 

5 That is. a full automatic hot and quick chromatograph (Waters ALS/GPC 1 50C manufactured by Waters) was emplc^ed 
as the measuring apparatus. As the solvent tetrahydrofuran was used. The conditions were such that the flow rate was 
1 .0 ni/minutes. the temperature was 40*C and a testing device was a differential refractometer (RQ- 

Scatter of light occumng at the interface between the transparent resin layer formed on the surface of the recording 
medium and the molten toner and the state of swell of the molten toner over the surface of the transparent resin of the 

TO recording medium also relate to the compatibiOty between the molten toner ard the transparent resin layer. When resins 
having excellent compatibility are enployed. a further flat and smooth image having unifbrm gloss can be formed. As 
the criterion for the compatibility of the resins, an angle of contact between the molten toner and the transparent resin 
layer is emplc^ed in the present invention. If the angle of contact is 40 degrees or smaller, the compatibility is evaluated 
to be satisfactory. The angle of contact is measured by the following method. 

75 

(1 ) Powder toner is enclosed in a tatrfet frame in the form of a tray shape having a diameter of 1 3 mm and a h^ght 
of 33 mm for a tablet machine called Hand Press SSP-1 0 manufactured by Simadzu Seisakusho Kabushiki Kafeha. 
A load of 1 ton is applied by the hand press for one minute so that a toner disc is molded. A standard size of discs 
is such that the diameter is 13 m, thickness is 1 .2 mm arxi the weight is 0.18 g. 

20 (2) The recording medium is placed on a hot plate in such a manner that the base of the recording medium is in 
contact with the surface of the hot plate. Moreover, the toner disc is placed to be in contact with the transparent 
resin layer of the recording medium and the toner disc is allowed to stand at a predetermined temperature for 90 
seconds. Then, the recording medium and the toner disc are placed on an aluminum plate which has been allowed 
to stand in an atmosphere, the temperature of which is 23**, in such a manner that the recordirffii medium is in con- 

2S tact with the surface of the aluminum plate. Then, the temperature is lowered rapidly. At this time, the above-men- 
tioned predetermine temperature is made to be lower than the softening point (Tmt) of the toner by 1**C. 
(3) A contact-angle measuring apparatus manufactured by Kyowa Kaimen Kagaku Kabushiki Kaisha is used to 
measure four points (rotated by 90** at each measuring operation) of the skirt of the solidified toner which is in con- 
tact with the transparent resin layer. The average value is employed as the contact angle of the toner. 

30 

It is preferable that the angle of contact between the transparent resin layer and the molten toner is 40 degrees or 
smaller, more preferably 30 degrees or smaller. If the angle is larger than the upper limit, the toner image sometimes 
swells over the surface layer of the recording medium separated from the intermediate transferring member after the 
transferring and fixing operation has been performed. In particular, the glossiness deteriorates in the halftone image 

35 region and the highlighted image region and the color development sometimes deteriorates. 

As described above, the image forming method according to the present invention enables a toner image to be 
embedded in the transparent resin layer of the recording medium without generation of disorder of the image and irreg- 
ularity of color. Therefore, uniform glossiness can be realized in the overall image area ratio region. Thus, a color inrsge 
having excellent graininess and free from irregularity of a color can be formed. 

40 Use of the recording medium which can be used with the above-mentioned image forming method having the 
atxjve-mentioned structure enables the effect of the image forming method according to the present invention to he 
obtained. 

[EXAMPLES] 

45 

Examples of the present invention will now be described. Note that the present invention is not limited to the follow- 
ing examples. 

[Manufacturing Recording Medium 1] 

so 

Enamel coat paper (Yonago Kakoshi Kabusfiiki Kaisha) which was commercial cast coat paper and which had 
basic weight of 1 27.9 g/m^ was used as the base. Then, a transparent resin layer composed of 6 types of polyester res- 
ins having characteristics shown in the following Table 1 was formed on the surface of the base so that the recoiding 
medium was manufactured. 

55 Six types (PE1. PE2. PE3. PE4. PES arxJ PE6) of the polyester resins shown in the following Tat>le 1 were pre- 
pared. Twenty parts by weight of each resin were nmxed with 80 p>arts by weight of ethyl acetate, and then stinred until 
the resin was dissolved. The aiamel coat paper (the t>ase) was coated with each of the six types of obtained polyester 
solutions by using a Mayer bar in such a manner tfiat the thickness of the resin layer dried suffk:iently was 7 ^m. The 
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obtained recording nrtediums w&e given sanple numbers P1, P2, P3, P4. P5 and P6. 

Moreover a transparent polyeth/Iene terephthalate film having a thickness of 100 jim was used as the base, aiKl 
thai the base was coated with each of polyester resire PEI . PES and PE6 by a method similar to that emptoyed when 
the paper base was coated in suc^ a manner that the thickness was 3 ^im, thus, three types of OHP films shown in Table 
5 1 were obtained which were given sample nunrt^ers OHP1, 0HP2 and 0HP3. The thus-obtained recording mediums 
were used so that Images were formed with the following tcxier and by the image forming apparatus. 

Results of measurement of the softening point (Tmp). the weight average molecular weight (Mw) and the number 
average molecular weight (Mn) of each of the six types of polyester resins (PEI, PE2, PES. PE4. PES and PE6) for 
forming the transparent resin layer and Mw/Mn were additionally shown in Table 1. 



[Table 1] 



75 


Recording 
Medium 


Type of Polyes- 
ter 


Monomer Form- 
ing Thermoplas- 
tic Polyester 


TmpCC) 


Mw 


Mn 


Mn/Mn 




P1 


PE1 


BPA-EO, FMA 


89 


1S300 


4000 


3.3 




P2 


PE2 


BPA-EO. DSA. 
TPA 


90 


12500 


3900 


3.2 


20 


PS 


PES 


BPA-EO. BPA- 
PO. TPA. glycer- 
ine 


100 


12300 


3270 


3.8 


25 


P4 


PE4 


BPA-EO. BPA- 
PO. derivative of 
succinic acid. 
TPA, TMA 


112 


55000 


4050 


13,6 


30 


P5 


PES 


BPA-EO. BPA- 
PO. derivative of 
succtrtic acid. 
TPA. TMA 


129 


72800 


5100 


5.9 




P6 


PES 


BPA-EO, BPA- 
PO, TPA. TMA 


140 


264000 


5250 


50.3 


35 


OHP1 


PEI 


BPA-EO. FMA 


89 


13300 


4000 


3.3 




OHP2 


PES 


BPA-EO, BPA- 
PO. TPA, glycer- 
ine 


100 


12300 


3270 


3.8 


40 


0HP3 


PE6 


BPA-EO. BPA- 
PO. TPA. TMA 


140 


264000 


5250 


50,3 


45 


BPA-EO: polyoxyethylene (2.2)-2,2-bis(4-hydrQxyphenyl) propane 

BPA-PO: polyoxypropylene (2.2)-2,2-bis{4-hydroxyphenyl) propane 

TPA: terephthalic add 

FMA: f umaric acid 

DSA: dodecenyisuccinic acid 

TMA: trimellitic acid anhydride 



£0 [Manufacture of Toner] 

Polyhydric alcohol and polyhydric cartxjxylic add each having the conrposition ^ ^own in the following Table 2 
were introduced into a 1 -litter four-neck and round bottom flask comprising a stainless steel stirrer, a glass tube for intro- 
dudng nitrogen gas and a sulfur type cond^sQ*. Then, the flask was placed on a mantle heater Then, nitrogen gas 
55 was introduced through the tube for introdudng gas. and thwi the tenperature was raised in a state where inert gas 
atmosphere was retained in the inside portion of the flask. Then. 0.05 of dibutyl tin oxide was added, and the tenpera- 
ture of the reactant was maintained at 200**C. Then, reactions were allowed to take place for predetermined time. As a 
result polyester resins PE7 and PE8 were ot)tained. 
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Six parts by weight of yellow pigment were rrrixed with 1 0 parts by weight of the obtained polyester resin (PET), and 
then melted and kneaded by an extruJer. Then, the kneaded materials were cooled, and then pulverized by a jet mill. 
The pulverized powder was classified so that yellow toner having a volume average diameter of 7 \im was obtained. 
Similarly, each of 4.5 parts by weight of magenta pigment. 4.5 parts by weight of cyan pigment and 4 parts by weight of 
5 cartoon black pigment were mixed with 100 parts by weight of polyester resin (PET) so that magenta toner, cyan toner 
and black toner each having a volume average diameter of T pm were obtained. Then, the foregoing yellow toner was 
added so that toner set A in four colors was obtained (called 'toner A"). 

Moreova-, polyester resin (PES) was used so that toner set B (called 'toner BT was obtained by a similar method. 

The average particle size of the toner was 7 pm. 

10 



[Tatile 2] 



Toner 


Type of Polyester 


Compon^Tt Monomers 


Tmt(*»C) 


A 


PET 


BPA-EO. BPA-EO. derivative of succinic acid. TPA. DSA. TMA 


113 


B 


PES 


BPA-EO, BPA-EO, derivative of succinic acid, TPA. TMA 


142 



[Image Recording 1] 

20 

Rg. 8 is a diagram lowing the structure of an image forming apparatus 26 adaptable to the image forming method 
according to the present invention. 

In the image forming apparatus 26, a belt-type intermediate transferring mender 10 is supported by rollers 28 and 
29 and heating roll 22 so that the intermediate trareferring member 10 is rotated in a direction indicated by an arrow 

25 shown in Fig. 8. A pressing roll 20 is disposed at the transferring and fixing position to face the heating roll 22. The heat- 
ing roll 22 and the pressing roll 20 may be disposed contrarily to the positions shown in Rg. 8. As an alternative to this, 
the pressing roll 20 may be a heating roll indudng a heat source. Around the intermediate transfening member 10, 
there are disposed four photosensitive members SOY. 30C and 30B corresponding to yellow, magenta, cyan and 
black, which are uniformly charged by corresponding chargers 32Y. 32M. 32C and 328 and then exposed to light by a 

30 light-beam scanning unit 34 which is turned on/off by a light beam pulse width modulator in response to density signals. 
Thus, electrostatic latent images are formed. The electrostatic latent images on the respective photosensitive members 
are developed by con-esponding developing units 36Y, 36M. 36C and 36B respectively containing black, yellow, 
magenta and cyan toners. Thus, digital color loner images expressing densities by the area modulation are formed on 
the photosensitive members 30Y. 30M. 30C and 30B. The color toner images are sequentially transferred to the inter- 

35 mediate transferring menrtoer 10 by the transfen-ing units 38Y, 38M, 38C and 38B. Thus, color toner images are formed 
on the intermediate transfening member 10. 

When recording medium P has been fed from a tray 40. the pressing roll 20 is pressed against the heating roll 22. 
Then, the intermediate transferring member 10 having the color toner images and the recording medium P are moved 
between the heating and pressing rolls 22 arxl 20 in such a manner that their timings are adjusted so as to be pressed 

40 and heated. The toner heated to a temperature higher than the softening point is softened and fused so as to penetrate 
the recording medium P. and then solidified. Thus, transferring and fixing are performed. 

The cooling unit 24 disposed downstream of the transferring arxJ fixing position cools the intermediate transferring 
memljer 10 and the recording medium 10 which are integrally conveyed from the heating region. As a result, the toner 
is coagulated and sdtd'ified. thus generating strong adhesiveness with the recording medium P. Also the transparent 

45 resin of the recording medium is solidified so that offset is prevented. The intermediate transferring member 1 0 and the 
recording medium P are moved to a roll 29 having a small curvature radius. Thus, the rigidity of the recording medium 
P causes the recording medium P to be separated from the intermediate transferring merrier 10 together with the 
toner. As a result, a color irr^ge is formed. 

The surface of the toner image transferred and fixed to the recording medium P and that of the recording medium 

so are smoothed and flattened by the surface of the intermediate transferring member 1 0 which is moved in a close contact 
state. Therefore, an image having a uniform surface and exhibiting excellent glossiness is formed. 

The photosensitive merrtoers 30Y, 30M. 30C and 30B of the image forming apparatus for use in the method accord- 
ing to the present invention may be known members. For example, various inorganic photosensitive members (Se. a- 
Si, a-SiC. CdS or the like) and various organic photosensitive members may be employed. 

55 The photosensitive meni)ers SOY, SOM, 30C and 30B were operated so that images were formed by using the 
recording mediums shown in Table 1 and toners shown in Tat\e 2. The quantity of each toner on the recording medium 
was 0.65 mg/cm^. 

The diameter of the light beam for use by the light-beam scanning unit 34 )ms 20 }im so that an image having high 
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contrast is obtained. 

The intermediate transferring member 10 had a two-layered structure consistir^ of a base layer and a surface layer. 
The base layer was formed by a polyimide film to which carbon t^ack was added and which had a thickness of 70 ^m. 
To electrostatically transfer the toner image from the photosensitive member to the intermediate transferring member 

£ without disorder of the image, the volume resistivrty of the base layer was, in this embodiment, adjusted to 10^^ Qcm 
by changing the quantity of the cart»on Mack which was added. 

Although the base layer according to this embodiment was the polylnnide film having the thickness of 70 ^m. for 
example, a sheet having a thickness of 10 ^m to 300 \im and having excellent heat resistance may be em^oyed. The 
base layer ray be a polymer sheet made of polyester, polyethylene terephthalate, polyether sulfon, polyether ketone. 

10 polysuffon. polyimide, polyimideamide or polyamide. 

To electrostatically transfer the toner image from the photosensitive member to the intermediate transferring mem- 
ber without disorder of the image, the volume resistivity of the surface layer was adjusted to be 10^"^ acm. To satisfac- 
torily bring the intermediate transferring member and the recording medium into contact with each other while 
interposing the toner image when the simultaneous transference and fixation are performed from the intermediate 

15 transferring member to the recording medium, an elastic layer made of silicon copolymer having rubber hardness of 40 
degrees arxf a thickness of 50 ^m was provided. The silicon copolymer has elasticity and its surface has tackiness with 
respect to toner at room temperature. Moreover, it has a characteristic enabling melted and f luidized toner to easily b 
separated to efficiently shift the toner to the recording medium. Therefore, the silicon copolymer is an optimum material 
to form the surface layer of the intermediate transferring member. 

20 The surface layer may be formed by a resin layer having a thickness of, for example, 1 jim to 1 00 jim and exhibiting 
excellent releasing characteristic. For example, tetrafluoroethyiene-perfluoroalkyvinylether copolymer, polytetrafluor- 
oethylene or the like may be employed. 

The heating and pressuring roll may be a metal roll or a roll comprising a metal roll on which a heat resisting elastic 
layer, such as silicon rubber, is provided. The heating roll included a heat source set and controlled to raise the temper- 
as ature to be higher than the softening pdnt (Tmt) of the toner upstream in which the intermediate transferring member 
transferred and fixed the toner to the recording medium. The heating region was determined in such a manner that the 
photosensitive member 1 , the toner image and the recording paper P can be brought into close contact with one 
another in the heating region without generation partial loosening and cease and shift of the recording medium R The 
preferred nipping pressure is 1 x 10^ Pa 1 x 10^ Pa. In this embodiment, the pressing roll was a roil in the form that 

30 silicon rubber having hardness of 55 degrees and a thickness of 3 mm is applied to the surface of an aluminum hollow 
roll. The heat source in the heating roll was a halogen lamp. The nipping pressure was 5.0 x 10^ Pa. 

In this embodiment, the gas capacity of the cooling unit 24 was adjusted to make the temperature of the surface of 
the recording medium which is brought into corrtact with the intermediate transferring member to be 70"C when the 
recording medium was separated from the intermediate transferring member. 

35 The moving speed of each of the intermediate transferring member and the toner image was 1 60 mm/s, a vertical 
multiline screen was enployed which had 200 lines. 

[Evaluation of images] 

40 The glossiness, the color developing characteristic, graininess and irregularity of colors of the toner images formed 

by the above-mentioned method were evaluated. 

The glossiness, the color developing characteristic, graininess and irregularity of colors were evaluated in such a 

way that patches in Y (yellow), M (magenta), C (cyan). K (black), R (red), G (green), B (blue) and PB (three colors and 

black) having size of 2 cm x 2 cm were output in steps of 1 0 % from input image area ratio of 0 % to 1 00 %. Then, gloss- 
es iness, the coIcmt developing charact^istic. graininess and irregularity of colors were visually evaluated in accordanc 

with the following criteria. 

(Criteria for Evaluating Image) 

50 O: excellent 

O: satisfactory 

a: allowable (allowable level) 

X: unsatisfactory (rK>t allm/able) 

55 (Examples 1 to 8 and Comparative Examples 1 to 4) 

Recording mediums PI to P6 and the toners A and B were combined variously so that images were formed by the 
above-mentioned procedure [Image Recording 1]. Results of evaluation of obtained images in accordance with thefore- 
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going criteria are shown in Table 3. 

Recording mediums OHP1 to OHP 3 and the toner A w^-e combined variously so that images were formed simi- 
lariy to the foregoing case. Results of evaluation of formed images in accordance with the following criteria are shown 
in Table 4. 



[Tables] 





Toner 


Recording 
Medium 


Tmp -Tmt 


Uniformity of 
Glossiness 


Color Devel- 
oping Char- 
acteristic 


Graininess 


Irregularity of 
color 


wActI 1 1^1 0 1 
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P1 


-24 
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O 


O 


example £ 
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O 


O 


Example 3 




P3 
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© 




o 


0 


Example 4 




P4 


-1 


o 
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O 


Connpara- 
tive Example 
1 




P5 


+16 


X 


X 


o 


o 


Compara- 
tive Example 
2 




P6 


+27 


X 


o 


o 


o 


Conpara- 
tive Example 
3 


Toner B 


PI 


-53 


o 


X 


X 


o 


Example 5 




P4 


-30 


o 


o 


o 


o 


Example 6 




P6 


-2 


A 




o 


o 



[Table 4] 





Toner 


Recording Medium 


Tmp-Tmt (<*C) 


Color Developing Char- 
acteristic When Pro- 
jected 


Example 7 


Toner A 


OHP 1 


-24 


O 


Example 8 


Toner A 


OHP 2 


- 13 


O 


Comparative Example 4 


Toner A 


OHP 3 


+ 27 


X 



As a result. Examples 1 to 5 employing [Image Recording 1] which was the image forming method according to the 
present invention, and arranged such that the softening point (Tnp) of the thermoplastic polyester resin formed on the 
surface of the recording medium was in the range from - 1«C to - 30'C from the softening point (Tmt) of the toner, the 
weight average molecular weight (Mw) of the thermoplastic polyester resin formed on the surface of the recording 
medium was 5.000 to 60.000. the number average molecular weight of the same was 2.000 to 5,000 and Mw/Mn was 
2 to 1 5 enabled images exhibiting excellent color developing characteristic to be obtained which had uniform glossiness 
in the overall image area ratio region, which were free from irregularity of colors and which had satisfactory graininess 
without fine irregularity of glossiness- Exanples 7 to 8 having similar ranges resulted in excellertt color developing char- 
acteristic when projected by using an OHP and sharp images free from turbidity being formed. Example 6 according to 
the present invention and having Mw. Mn and Mw/Mn did not satisfy the preferred ranges resulted in the uniformity of 
the glossiness and color dev loping characteristics being allowable and somewhat unsatisfactory as compared with the 
other examples each having the preferred molecular weight although an image exhibiting excellerrt graininess free from 
fine irregularity of glossiness v\ra5 obtained. 

Comparative Examples 1 to 4 having Tmp - Tmt which did not satisfy the range according to the present invention 
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were unsatisfactory in the uniformity of the glossiness with respect to the image area ratio and had unsatisfactory color 
developing characteristic and graintness. 

Fig. 9 show re^s of 75-degree relative-specular glossiness of the paper portion of each of Examples 2 and 4 and 
Comparative Exanrple 1 and each input image area ratio, as examples of results. As compared with the comparative 
5 examples, the gloss of each exanrple does not depend on the image area ratio and uniform images each having excel- 
lent glossiness were formed. 

[Image Recording 2] 

10 As shown in Fig. 10, an apparatts 42 similar to the foregoing case [Image Recording 1] was used except for the 
positions of the pressing roll 20 and the heating roll 22 being made to be contrary A similar method to that [Image 
Recording 1] was enrployed except for the heating roll 22 being set and controlled to be toner softening point (Tmt) + 
30*'C. Thus, images were formed. Rg. 10 is a diagram showing the structure of an image forming apparatus 42 which 
Is adapted to the image forming method [Image Recording 2) according to this emtxxfiment 

IS 

(Examples 9 to 1 2 and Conparative Examples 5 and 6) 

Recording mediunre PI to P6 and the toner A were combined so that images were formed by the procedure 
described in [Image Recording 2]. Results of evaluation of obtained images in accordance with the above-mentioned 
20 criteria are shown in Table 5. 



[Table 51 





Toner 


Recording 
Medium 


Tmp -Tmt 
CC) 


Uniformity of 
Giossiness 


Color Devel- 
oping Char- 
acteristic 


Graininess 


Irregularity of 
color 


Example 9 


Toner A 


PI 


-24 


o 


o 


o 


o 


Example 10 




P2 


-23 


o 


o 


o 


o 


Example 1 1 




P3 


-13 


o 


o 


o 


o 


Example 1 1 




P4 


-1 




A 


o 


o 


Conpara- 
tive Example 
5 




P5 


-1-16 


X 


X 


o 


o 


Compara- 
tive Exanrple 
6 




P6 


+27 


X 


X 


o 


o 



Images formed in Examples 9 to 12 had excellent graininess without fine irregularity of glossiness. Moreover, sat- 
isfactory uniformity of glossiness and color developing characteristic were obtained. However, the irregularity of the 
glossiness and color developing characteristic somewhat deteriorated as conrpared with Examples 1 to 5 in which th 
45 intermediate transferring member and the toner Image were brought into close contact with the heating roll so that the 
toner image was heated to be higher than the softening point of the toner at a position upstream of the nipping position 
between the heating roll and the pressing roll. That is, tact can be understood that heating of the toner image at a posi- 
tion upstream of the transferring position enables specially excellerrt image to be formed among the examples of th 
manufacturing method according to the present invention. 

so 

[Manufacturing Recording Medium 2] 

Recording mediunr^ were manufactured by a method similarly to the method of manufacturing recording medium 
P2 according to Exanrple 2 except for phosphate being previously mixed with polyester PE2 by 0.1 part by weight. 0.2 
55 part by weight, 0.4 part by weight and 1 part by weight with respect to 80 parts by weight of ethyl acetate and 20 parts 
by weight of polyester PE2 when polyester PE2 for use in the recording medium P2 was appDed to paper which was the 
base of recording medium in order to acfiust the electric resistance of the recording medium. The recording mediums 
were given sample numbers P7. P8, P9 arxJ P10. The softening points (Tnrp) f the resins respectively were 90'C, 
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90°C, 89*C and 88**C. 
(Examples 13 to 16) 

5 Results of measurement of the angle of contact between the recording medium P2 and the recording mediums P7. 

P8, P9 arKJ P10 otrtained in [Manufacturing Recording Medium 2] and toner A by a method similar to that desaibed in 

the detafled description of the invention are shown in Table 6. 

The foregoing recording mediums arxi the toner A were combined one another so that images were formed by the 

procedure described in [Image Recording 2]. Results of evaluation of the obtained images in accordance with the 
10 above-mentioned criteria are shown in Table 6. 
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[Table 6] 
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so *Contents were indicated with parts by weight. 



As shown in Table 6. Examples 2. 13 and 14 an^anged such that the sottening point (Tmp) of the thermoplastic pol- 
55 yester resin formed on the surface of the recording medium was in the range from - 1*»C to - 30*C from the softening 
point (Tmt) of the toner, the weight average molecular weight (Mw) of the thermoplastic polyester resin formed on the 
surface of the recording medium was 5.000 to 60.000. the number average molecular w©ght of the same was 2.000 to 
5,000 and Mw/Mn and the angle of contact with the toner wras 40 degrees or smaller enabled images exhtoiting excel- 
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lent color developing characteristic to be (Stained which had uniform glossiness in the overall innage area ratio region, 
which were free from irregularity of colors and virtiich had satisfactory graininess without fine inregularity of glossiness. 
Exanples 15 and 16 using the recorcfing mediums each having the transparent resin layer having a large angle of con- 
tact with the toner and small conrtpatibility resulted in allowable unifomiity of glossiness and color developing character- 

5 istic which were relatively inferior to those of the other examples although images exhtoiting excellent color developing 
characteristic were obtained because of satisfactory graininess without fine in-egularity of the glossiness. Anrx>ng the 
foregoing examples. Example 2 exhibited most satisfactory results which did not contain the surface active agent in the 
transparent resin layer formed on the surface and which had the smallest angle of contact. 

As can be understood from the above-mentioned examples and comparative examples, the image forming method 

10 according to the present invention enabled the image exhibiting excellent color developing characteristic and high qual- 
ity to be obtained siK:h that disorder of the transfen-ing electric field and deterioration in the quality of halftone image 
considered to occur owning to coulomb repulsion were prevented, a satisfactory transferring rate was realized, uniform 
image glossiness was obtained in the recording medium and the image regions irwiuding highlighted regions* interme- 
diate density regions and high density regions, excellent graininess was obtained, a satisfactory color balance was reai- 

15 ized ard excellent transparency of the toner was obtained. 

The image forming method according to the present invention is able to be applied when an image is formed by a 
printer or a copying machine. 

According to the present invention, the above-mentioned image forming method is provided. Regardless of the 
density of the innage and the image area ratio, excellent effects can be obtained such that the formed image is able to 

20 have the same glossiness as that of the recording medium, excellent color reproducibility can be obtained, generation 
of irregular color can be prevented, satisfactory graininess can be obtained, fine in-egularity of glossiness can be pre- 
vented arKl uniform gloss of the image can be obtained. The image forming apparatus according to the present inven- 
tion can be applied to the above-mentioned image forming method. As a result, an image having an excellent quality 
can easily be formed. The recording medium according to the present invention has the surface layer having excellent 

25 compatibility with the toner When the recording medium according to the present invention is used, effects can be 
obtained in that an image can be formed which has uniform glossiness, satisfactory color reproducibility can be real- 
ized, generation of in-egular color can be prevented and excellerrt graininess can be realized. 

Claims 

30 

1. An image forming method structured in such a way that a toner image carried to a transfen-ing position by a toner 
image holding mennber for holding and can-ying the toner image from a toner image forming position to the toner 
image transferring position is transferred to a predetermined recording medium. 

said image forming method comprising: 

35 

a transferring and fixing step of bringing the carried toner image into close contact with the recording medium 
arKl transferring and fixing the toner image while heating the toner image, wherein 

a recording medium is employed as the recording medium which has a thermoplastic transparent resin layer 
on at least a surface of a base thereof on wrhich the toner image is transferred and softening point (Tnp) of said 
40 transparent resin is in the range from - 1'C to - 30°C from softening point (Tmt) of the toner. 

2. The image forming method of claim 1 , further comprising: 

the step of preheating the toner image held by said toner image holding member in such a manner that the 
45 temperature of the surface of the toner innage is not lower than a softening point (Tmt) of the toner before the 

toner image is carried to the toner image transferring position. 

3. The image forming method of claim 1 . further comprising: 

50 the step of separating the recording medium from the toner innage holding member at a position downstream 

of tfie toner image transferring position after the surface temperature of the transparent resin layer of said 
recording medium has been made to be lower than the softening point (Tnnp) of said transparent resin by lO^'C 
or more. 

55 4. The image forming method of claim 1 , wherein 

a recording medium is employed which has an angle of contact of 40* or smaller between a resin material form- 
ing said transparent resin layer and said toner vt^ch is in a nnolten state. 
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5. Ttie image fcOTning method of daim 1 , wherein 

weight average molecular weight (Mw) of a resin material forming saki transparent resin layer is in the range 
from 5.000 to 60,000. number average molecular weight (Mn) of the same is in the range from 2.000 to 5.000 
and MwMn is in the range from 2 to 1 5. 

6. The image forming method of daim 1 . wherein 

a resin material forming said transparent resin layer contains polyester resin type component units, 

7. An image forming apparatus comprising: 

means for forming a toner image; 

a toner image hokling memkjer for holding and carrying the formed toner image from a predetermined toner 
image forming position to a predetermined toner image transferring position; and 

transferring and fixing means for transfening the tcwier image carried to the toner image transferring position to 
a predetermined recording medium, wherein 

at least either said toner image holding member or said transfening and fixing means is. at said toner image 
transferring position, provided with heating and pressing means for. by using heat energy, transferring and fix- 
ing the toner image to a transparent resin layer of the recording medium having a thermoplastic transparent 
resin layer on at least a surface of a base on wrtiich the toner image is transferred, said transparent resin layer 
containing transparent resin having a softening point (Tmp) in the range from - I^C to - SO^C from softening 
point (Tmt) of said toner 

8. An image forming apparatus comprising: 

means for forming a toner image; 

a toner image holding member for holding ar^j carrying the formed toner image from a predetermined toner 
image forming position to a predetermined toner image transferring position; and 

transferring and fixing means for transferring the toner image carried to the toner image transferring position to 
a predetermined recording medium, wherein 

at least either said toner image holding member or said transfening and fixing means is. at said toner image 
transferring position, provided with heating and pressing means for transferring and fixing the toner image, and 
heating means for heating the surface temperature of the toner image held on said toner image holding mem- 
ber to be higher than the softening point (Tmt) of the toner before the toner image reaches the toner image 
transferring portion. 

9. The image forming apparatus of claim 7, wherein 

cooling means for cooling the surface tenperature of transparent resin of said recording medium to be lower 
than the softening point (Tmp) of the transparent resin by 10»C or more is provided downstream of said toner 
image transfening position and upstream of a position at which the recording medium is separated from the 
toner image holding member. 

10. The image forming apparatus of claim 8. wherein 

cooling means for cooling the surface temperature of transparent resin of said recording medium to be lower 
than the softening point (Tmp) of the transparent resin by 10*C or more is provided downstream of said toner 
image transferring position and upstream of a position at which the recording medium is separated from th 
toner image holding member. 

11. A recording medium comprising: 

a thennoplastic transparent resin layer on at least a surface of a base on which an image is recorded, wherein 
the softening point (Tmp) of a resin material forming said transparent resin layer is in the range from - 1 *C to - 
30°C from the softening pdnt (Tmt) of toner for use to form a toner image v^rhich is recorded. 

1 2. The recording medium of daim 1 1 , wherein 
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the softening point (Tmp) of a resin nraterial forming said transparent resin layer is in the range from - 1 to - 
20*0 from the softening point (Tmt) of sakj toner. 

1 3. The recording medium of daim 1 1 . wherein 

5 

an angle of contact between a resin material forming said transparent resin layer and said toner which is in a 
molten state is 40* or smaller. 

14. The recording medium of claim 11, wherein 

10 

weight average molecular weigfit (Mw) of a resin material forming said transparent resin layer is in the range 
from 5.000 to 60.000, numt>er average molecular weight (Mn) of the same is in the range from 2,000 to 5.000 
and Mw/Mn Is in the range from 2 to 15. 

75 1 5. The recording medium of claim 1 1 . wherein 

a resin material forming sad transparent resin layer contains polyester resin type component units. 

16. The recording medium of claim 11. wherein 

20 

the thickness of said transparent resin layer is 2 \im to 20 ^m. 

1 7. The recording medium of claim 1 1 , wherein 

25 said base is made of a non-transparent material. 

1 8. The recording medium of claim 1 1 , wherein 

a white pigment layer is provided on the surface of said base and said transparent resin layer is provided on 
30 the surface of said white pigment layer. 
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FIG. 2 
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FIG. 5 



XX 




0 5 10 15 20 25 30 

DIFFERENCE IN TEMPERATURE WHEN SEPARATED ("C) 

SOFTENING POINT OF THERMOPLASTIC TRANSPARENT 
RESIN-TEMPERATURE OF SURFACE OF RECORDING 
MEDIUM WHEN SEPARATED 



25 



EP 0 831 378 A2 




BNaXCID: <EP 0e31378A2 I > 



26 



EP 0 831 378 A2 



FIG. 7 
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